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(54) SEMICONDUCTOR DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To effectively bring 
electrodes into contact with a GaN layer with low contact 
resistance. 

SOLUTION: In a GaN MESFET, the source electrode 17 
and the drain electrode 18 are provided on an n-type 
GaN layer 13 as a channel layer through an n-type 
GalnN contact layer 14, and it is brought into ohmic- 
contact with the n-type GalnN contact layer 14. The n- 
type GalnN contact layer 14 is selectively grown on the 
n-type GaN layer 13 by means of a MOCVD method. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3 In the drawings, any words are not translated 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention is applied to the 

semiconductor device using GaN about a semiconductor device, and is suitable 

[0002] 

[Description of the Prior Art] It is thought that the forbidden-band width of face of GaN is as large as 
3 4eV, and a indirect transition conduction band is in the place of 1 5eV or more the top further 
Moreover, the saturation velocity of GaN is larger than Si, GaAs, and SiC at abbreviation 2.5x107 ctn/s. 
it is abbreviation 5x106 V/cm and they are [ destructive electric field are larger than Si and GaAs I or 
more figures and ] larger than SiC. For such a reason, it has been expected that GaN has a RF, an 
elevated temperature, and the big possibility as a material of a large power semiconductor dev ice And 
the example of a trial production has also come (for example, Appl.Phys.Lett., 62 ( 1 5), I 786 (1993 ) and 
Appl.Phy s.Lett.. 65 (9), 1121 (1994)) to be seen in recent years. 

[0003] Drawing 10 and drawing 1 1 show the conventional GaN transistor These GaN transistors are 
field-effect transistors (FET) which applied the MES (Metal-Semiconductor) structure where it was used 
in the GaAs transistor, as it was. 

[0004] In the conventional GaN transistor shown in drawing 10 , the laminating of the undoping GaN 
layer 102 and the n type GaN layer 103 as a channel layer is carried out one by one on c-th page silicon 
on sapphire 101, and the gate electrode 104, the source electrode 105, and the drain electrode 106 are 
formed on the n type GaN layer 103 Here, the gate electrode 104 carries out Schottky contact with the n 
tvpe GaN layer 103, and the source electrode 105 and the drain electrode 106 are earn ing out ohmic 
contact with the n type GaN layer 103 

[0005] In the conventional GaN transistor shown in drawing 1 1 , the laminating of the n type AlGaN 
layer 203 as the n type GaN layer 202 and electronic supply layer as a channel layer is carried out one 
by one on c-th page silicon on sapphire 201 . Patterning of the n type AlGaN layer 203 is carried out to 
the predetermined configuration. And while the gate electrode 204 is formed on this n type AlGaN layer 
203, the source electrode 205 and the drain electrode 206 are formed on the n type GaN layer 202 so that 
the both-sides wall of this n type AlGaN layer 203 may be contacted, respectively Here, the gate 
electrode 204 carries out Schottky contact with the n type AlGaN layer 203, and the source electrode 
205 and the drain electrode 206 are carrying out ohmic contact with the n tvpe GaN layer 202 and the n 
type AlGaN layer 203. Although this GaN transistor has the so-called HEMT (High Electron Mobil itv 
Transistor. HEMT) and so-called analogous structure, using the n type AlGaN layer 202 which is a 
doped layer for the channel layer differs from the usual HEM T 

[0006] By the way, in the usual GaAs transistor, in order to raise the ohmic contact nature of a source 
electrode and a drain electrode, the ion-implantation and the activation annealing method of Si are used, 
and the carrier concentration of a source field and a drain field is raised to three or more [ 2x 1 01 Scm - ] 
Thereby, the contact resistance of a source electrode and a drain electrode is 10-5 - 10-6ohmcm2 It 
becomes low with a base and a practical high-frequency transistor can be obtained 
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[0007] 

[Problem(s) to be Solved by the Invention] Also in a GaN transistor, if high concentration impurity 
doping by ion-implantation is made like a GaAs transistor, the feature of GaN mentioned above will be 
demonstrated and it will be thought that high performance, high speed, and a large power element are 
realized However, when an impurity is doped to GaN with ion-implantation, it is reported that a high- 
concentration carrier is hard to be generated (for example, Appl Phys Lett.. 67 ( 10), 1435 ( 1095)) 
moreover, thermal alloying with the metal which an alloy reaction produces easily between metals like 
GaAs system material also in GaN and by which impurity doping was carried out when becoming - low 
-- although ohmic contact [ **** ] should be obtained, the present condition is that thermal alloying with 
GaN is not yet realized 

[0008] By the above thing, the performance of element [ contact resistance / comparatively big / of a 

source electrode and a drain electrode ] original using GaN was not able to be demonstrated 

[0009] Therefore, the purpose of this invention is to offer the semiconductor device w hich can make 

contact resistance of the electrode low enough, when carrying out ohmic contact of the electrode on a 

GaN layer 

[0010]' 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in the semiconductor 
device which has the electrode electrically connected with the GaN layer and the GaN layer on a GaN 
layer the semiconductor layer which contains Ga, In. and N at least between a GaN layer and an 
electrode is prepared, and this invention is characterized by the electrode carrying out ohmic contact at a 
semiconductor layer. 

[001 1] In this invention, a GaN layer and a semiconductor layer are n types each typically. Here, the 
carrier concentration of an n type GaN layer is x(l-5)1017cm-3. Moreover, when some examples of a 
semiconductor layer are given, they are a GalnN layer, an AlGalnN layer, a BGalnN layer, etc This 
semiconductor layer grows alternatively on a GaN layer typically. 

[0012] Typically in this invention, an electrode is the source electrode or dram electrode of a field-effect 
transistor 

[0013] In the semiconductor device by this invention constituted as mentioned above The forbidden- 
band width of face of the semiconductor layer which is prepared between the GaN layer and the 
electrode and which contains Ga, In, and N at least is compared with the forbidden-band width of face of 
GaN. by the thing small (for example, the forbidden-band width of face oflnN is 1 9eY at the lowest) 
enough etc. While this semiconductor layer can make carrier concentration high enough, surface level is 
in the place near [ GaN ] a conduction band. In fact, as for GalnN, a certain thing is reported also for 
three or more [ 2x1 019cm - ] high carrier concentration being obtained also for undoping 
{Appl.Phys Lett , 59 (IS). 2251 0991)) 

[0014] The ohmic contact of low contact resistance of an electrode to a GaN layer is realizable in 
efficiency from the above thing with the tunnel current which led the low Schottky barrier through the 
semiconductor layer which contains Ga, In, and N at least 
[0015] 

[Embodiments of the Invention] Hereafter, it explains, referring to a drawing about the operation form 
of this invention 

[0016] In the following operation forms, although the structure which carried out the laminating of the 
laver which consists of nitride system 11I-V group compound semiconductors, such as GaN. AlGaN, and 
GalnN. on c-th page silicon on sapphire is used, the common practice into which these nitride system 
II1-Y group compound semiconductors are grown up by the organic metalization study vapor-growth 
(MOCYD) method is explained first 

[001 7] If it considers as the material gas in the case of growth of this nitride system ill-Y group 
compound semiconductor, a silane (SiH4) is used as dopant gas of ammonia (NH3) and n type impurity 
as trimethylindium (TMln) and an N raw material as a trimethylaluminum (TM A) and an In raw 
material as trimethylgallium (TMG) and an aluminum raw material as a Ga raw material And NH3 after 
first growing up the buffer layer which consists of AIN or GaN at low temperature on c-th page silicon 
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on sapphire as known well Growth temperature is raised before and after 1000 degrees C, passing gas. 
and GaN. AIGaN. etc. are grown up on a buffer layer. Here, when growing up the nitride system 1I1-Y 
group compound semiconductor containing ln(s), such as GalnN, growth temperature is lowered to 700- 
800 degrees C\ and it is also known well that a controlled atmosphere will consider as nitrogen (N2) 
[0018] Next, the measurement result of the contact resistance of an Ti/aluminum electrode to an n type 
GaN layer is explained. 

[0019] It is the cross section with which drawing 1 meets the plan of this contact resistance test sample, 
and draw ing 2 meets the 11-11 line of draw ing 1 

[0020] As shown in drawing 1 and drawing 2 , in this contact resistance test sample, the laminating of 
the n type GaN layer 2 is carried out through the buffer layer (not shown) by the low-temperature 
growth which consists of A1N or GaN on c-th page silicon on sapphire 1, and the Ti/aluminum electrode 
3 is formed on this n type GaN layer 2. Here, the thickness of the n type GaN layer 2 is 3 micrometers, 
and carrier concentration (concentration of electrons) is !018cm-3. Moreover, the Ti/aluminum 
electrode 3 has the structure where 1st circular polar-zone 3a is enclosed by 2nd polar-zone 3b with the 
predetermined interval. Here, the diameter of 1st polar-zone 3a was set to 200 micrometers, and the 
interval of 1st polar-zone 3a and 2nd polar-zone 3b was changed from 1 micrometer to four lev els 
within the limits of 10 micrometers. 

[0021] In addition, the contact resistance test sample of such structure was used because it was desirable 
to use the structure where it is not necessary to remove any portions other than a test section-ed, since 
GaN was difficult wet etching. 

[0022] This contact resistance test sample was produced as follows. That is, after growing up the n type 
GaN layer 2 through the buffer layer (not shown) which consists of A1N or GaN on c-th page silicon on 
sapphire 1, the Ti/aluminum electrode 3 is formed by the usual lift-off method on the n type GaN layer 

2. 

[0023] the place which measured the contact resistance of the Ti/aluminum electrode 3 immediately 
after production of this contact resistance test sample (as-depo state) - 0.5-ohmcm2 it was moreover, 
this contact resistance test sample - N2 the place which measured contact resistance after heat-treating 
on 800 degrees C and the conditions for 10 seconds in gas atmosphere - 15x1 0-5ohmcm2 up to - it fell 

[0024] Next, after producing the contact resistance test sample which has the same structure as **** 
except for the carrier concentration of the n type GaN layer 2 being 10 17cm -3 and performing the same 
heat treatment as ****, when the contact resistance of the Ti/aluminum electrode 3 was measured, it was 
1 5xl0-4ohmcm2. Generally, although the carrier concentration of the channel lay er of VET is x( 1 -5) 
1017cm-3. at the time of carrier concentration of this level, the contact resistance of the Ti/aluminum 
electrode 3 is 10-4ohmcm2 as mentioned above A base and since it is large, the performance of'FET 
using this Ti/aluminum electrode 3 as a source electrode and a drain electrode falls 
[0025] In addition, the contact resistance of the Ti/aluminum electrode 3 does not become small with 
heat treatment as mentioned above, because alloying with the Ti/aluminum electrode 3 and the n type 
GaN layer 2 is progressing, and it is because the insulating layer or space layer between the 
Ti/aluminum electrode 3 and the n type GaN layer 2 was lost with heat treatment and the original 
Schottky barrier arose 

[0026] Next, the measurement result of the contact resistance of an Ti/aluminum electrode to an 
undoping GalnN layer is explained. 

[0027] Although it is the same if the plan of this contact resistance test sample is shown in drawing 1 . 
the cross section which meets the 11-11 line of drawing 1 is shown in drawing 3 

[0028] As shown in drawing I and drawing 3 , in this contact resistance test sample, the laminating of 
the undoping GaN layer 4 and the undoping GalnN layer 5 is carried out one by one through the buffer 
layer (not shown) bv the low-temperature growth which consists of AIN or GaN on c-th page silicon on 
sapphire !, and the ti/aluminum electrode 3 is formed on the undoping GalnN layer 5 Here, the 
thickness of the undoping GaN layer 4 is 2 micrometers Moreover, the thickness of the undoping 
GalnN layer 5 is 0.3 micrometers. Although this undoping GalnN layer 5 was undoping, carrier 
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concentration was abbreviation 2xl017cm-3 Moreover, In composition ratio of this undoping GalnN 
layer 5 was 0 1 3 as a result of measurement by the X diffraction The structure of the Ti/aluminum 
electrode 3 is the same as that of above-mentioned contact resistance test sample 
[0029] This contact resistance test sample was produced as follows That is, after growing up the 
undoping GaN layer 4 and the undoping GalnN layer 5 one by one through the buffer layer (not shown) 
which consists of A1N or GaN on c-th page silicon on sapphire I, the Ti/aluminum electrode 3 is formed 
by the usual lift-off method on the undoping GalnN layer 5. 

[0030] the place w hich measured the contact resistance of the Ti/aluminum electrode 3 immediately 
after production of this contact resistance test sample -- 0.2-ohmcm2 although it was high -- this contact 
resistance test sample -- N2 the place which measured contact resistance after heat-treating on 800 
degrees C and the conditions for 10 seconds in gas atmosphere -- 2x]0-5ohmcm2 up to -){ fell This 
shows that small contact resistance is obtained, although the carrier concentration of the undoping 
GalnN layer 5 is as low as abbreviation 2xl017cm-3 as mentioned above. Compared with GaN, the 
Schottky barrier becomes low, and the undoping GalnN layer 5 by which this replaced Ga of GaN in 
pan by In is considered for current to become easy to flow. Supposing the fall of this contact resistance 
is based on the fall of the Schottky barrier, the fall of the further contact resistance is expected by the 
increase in In composition ratio. 

[003 J] Next, GaN by the 1st operation gestalt of this invention MESFET is explained. Drawing 4 is 
GaN by this I st operation gestalt. MESFET is shown and drawing 5 is this GaN The energy-band view 
of MESFET is shown, in addition, drawing 5 - setting « EF - Fermi level and Ec The energy of the 
soffit of a conduction band, and Ev The energy of the summit of a valence band is shown (the following 
-- the same). & 
[0032] GaN according to this 1st operation gestalt as shown in drawing 4 In MESFET. the laminating of 
the undoping GaN layer 12 and the n type GaN layer 13 as a channel layer is carried out one bv one = 
through the buffer layer (not shown) by the low-temperature growth which consists of AIN or GaN on c- 
th page silicon on sapphire 1 1 The thickness of the undoping GaN layer 12 is 2 micrometers. Moreover, 
the thickness of the n type GaN layer 13 is 160nm, and carrier concentration is 4xI017cm-3 On the 
source electrode and the n type GaN layer 13 in the drain electrode formation section, the Si dope n type 
GalnN contact layer 14 of a predetermined configuration contacts the n type GaN layer 13, and is 
prepared, respectively. The thickness of this n type GalnN contact layer 14 is [0 13 and the carrier 
concentration of 200nm and In composition ratio ] 3\10I8cm-3 It is Si02 so that the n type GaN layers 
13 in the channel section between these n type GalnN contact layers 14 and these n type GalnN contact 
layers 14 may be covered. The film 15 is formed. This Si02 The thickness of a film 15 is 200nm. Si02 
in the portion between these n type GalnN contact layers 14 Opening 1 5a is prepared in a film 1 5, and 
through this opening 15a, on the n type GaN layer 13. the gate electrode 16 of Ti/YV structure carries out 
Schottky contact with this n type GaN layer 13. and is prepared Moreover, Si02 in the portion of the n 
type GalnN contact layer 14 top Openings 15b and 15c are formed in a film 15, respectively, and 
through these openings 1 5b and 1 5c, on the n type GalnN contact layer 14. the source electrode 1 7 and 
the drain electrode 18 of Ti/aluminum structure carry out ohmic contact with the n type GalnN contact 
layer 14, and are prepared, respectively. 

[0033] Next, GaN by this 1st operation form constituted as mentioned above The manufacture method 
of M E S F FT i s ex pi ai n ed 

[0034] As shown in drawing 4 , the undoping GaN layer 12 and the n type GaN layer 13 are first grown 
up one by one through the buffer layer which consists of AIN or GaN on c-th page silicon on sapphire 

[0035] Next, it is Si02 to the whole surface of the n type GaN layer 13 by (YD It is this Si 02 bv the 
lithography after forming a film (not shown), and etching Patterning of the film is earned out and it is 
this Si02 only on the channel section. It leaves a film 

[0036] Next. Si()2 by which patterning was carried out by doing in this way A 111m is used as a »rowth 
mask and it is this Si02 The n type GalnN contact layer 14 is alternatively grown up on the n tvpe GaN 
las er 13 of the portion w hich is not covered with a film 
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[0037] Next, this Si02 It is Si02 to the whole surface again by the CVD after carrying out etching 
removal of the film It is this Si02 by the lithography after forming a film 1 5, and etching Patterning of 
the film 15 is carried out and Openings 15b and 15c are formed. Next, where the resist pattern used for 
this patterning is left as it was, after forming for example, an Ti/aluminum film in the whole surface by 
the vacuum deposition method, a resist pattern is removed with the Ti/aluminum film formed on it (lift 
off). Of this, the source electrode 17 and the drain electrode 18 are formed on the n type GalnN contact 
layer 14. Then, in order to make low contact resistance of the source electrode 1 7 and the drain electrode 
I 8. it heat-treats on 800 degrees C and the conditions for 10 seconds 

[0038] Next, although illustration is omitted, it performs isolation if needed by performing the ion 
implantation of helium into portions other than this FET section 

[0039] Next, it is Si02 on the channel section by lithography and etching Opening 1 5a is formed in a 
film 15 Next, after forming a Ti/W film in the whole surface, patterning of this Ti/W film is carried out 
by lithography and etching, and the gate electrode 16 which carried out Schottky contact is formed in the 
n type GaN layer 13 through opening 15a. 

[0040] GaN made into the purpose by the above MESFET is manufactured 
[0041] As mentioned above, according to this 1 st operation form, contact resistance of the source 
electrode 17 and the drain electrode 18 can be made low enough by forming the source electrode 17 and 
the drain electrode 18 on the n type GaN layer 13 through the n type GalnN contact layer 14 By this, 
the feature of the n type GaN layer 13 used as a channel layer can fully be demonstrated, and it is GaN 
of high performance, high speed, and large power MESFET is realizable. 

[0042] Next, AlGaN/GaN by the 2nd operation form of this invention HEMT is explained Drawing 6 is 
AlGaN/GaN by this 2nd operation form. HEMT is shown and drawing 7 is this AlGaN/GaN. It is the 
energy-band view of HEMT. In addition, GaN by the 1st operation form shown in drawing 4 in drawing 
6 The sign same into a corresponding portion identically to MESFET is attached 
[0043] AlGaN/GaN according to this 2nd operation form as shown in drawing 6 In HEMT, the 
laminating of the undoping GaN layer 12 as a channel layer is carried out through the buffer layer (not 
shown) by the low-temperature growth which consists of A1N or GaN on c-th page silicon on sapphire 
1 1. On this undoping GaN layer 12 in the channel section, the laminating of the n type AlGaN layer 10 
and the undoping AlGaN layer 20 as an electronic supply layer is carried out one by one The thickness 
of the undoping GaN layer 12 is 3 micrometers. The thickness of the n type AlGaN layer 19 is [ 0 2 and 
the carrier concentration of lOnm and aluminum composition ratio ] 1018cm-3 Moreover, 40nm and 
a 1 uinin um composition ratio of the thickness of the undoping AlGaN layer 20 are 0.2. On the source 
electrode and the undoping GaN layer 12 in the drain electrode formation section, the n type GalnN 
contact layer 14 of a predetermined configuration contacts the both-sides wall of the n type AlGaN layer 

19 and the undoping AlGaN layer 20, respectively, and is prepared. In the 1st operation form, the 
thickness of this n type GalnN contact layer 14 is [ 0 13 and the carrier concentration of 200nm and In 
composition ratio ] 3xl018cm-3 similarly. Other things are GaN by the 1st operation form Since it is 
the same as that of MESFET, explanation is omitted. 

[0044] Next, the manufacture method of AlGaN/GaNHEMT by this 2nd operation form constituted as 
mentioned above is explained. 

[0045] As shown in drawing 6 , the undoping GaN layer 12, the n type AlGaN layer 3 9, and the 
undoping AlGaN layer 20 are first grown up one by one through the buffer layer which consists of A1N 
or GaN on c-th page silicon on sapphire 1 i 

[0040] Next, it is Si02 to the whole surface of the undoping AlGaN layer 20 by CVD. It is this Si02 by 
the lithography after forming a film (not shown), and etching. Patterning of the film is carried out and it 
is this Si02 only on the channel section It leaves a film. This Si02 Membranous thickness is 500nm 
[0047] Next, Si 02 by which patterning was carried out by doing in this way The undoping AlGaN layer 

20 and the n type AlGaN layer 19 are ********** e d by the gas-phase-etching method, using a film as 
an etching mask This etching is performed until the undoping GaN layer 1 2 is exposed at least 
[0048] Next, this Si02 A film is used as a growth mask and it is this Si()2 The n type GalnN contact 
layer 14 is alternatively grown up on the n type GaN layer 12 of the portion which is not covered with a 
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film. 

[0049] A next process is GaN by the 1st operation form. Since it is the same as that of MESFET, 
explanation is omitted. AIGaN/GaN made into the purpose by the above HEMT is manufactured 
[0050] According to this 2nd operation form, it is AIGaN/GaN of high performance and high speed w ith 
the contact resistance of the source electrode 17 and the drain electrode 18 low enough, and large power. 
HEMT is realizable. 

[005 1] Next. AlGaN/GalnN by the 3rd operation form of this invention HEMT is explained Drawing 8 
is AlGaN/GalnN by the 3rd operation form of this invention. The cross section and drawing 9 which 
show HEMT are AlGaN/GalnN by this 3rd operation form. It is the energy-band view of HEMT 
[0052] AlGaN/GalnN according to this 3rd operation form as shown in drawing 8 In HEMT. the 
undoping GalnN layer 21 is formed between the undoping GaN layer 12 and the n type AlGaN layer 19 
In this case, this undopitm GalnN layer 21 is used as a channel laver. The thickness of this undoping 
GalnN layer 21 is 1 5nm . Other things are AIGaN/GaN by the 2nd operation form Since it is the same as 
that of HEMT, explanation is omitted. 

[0053] AlGaN/GalnN by this 3rd operation form The manufacture method of HEMT is AIGaN/GaN by 
the 2nd operation form Since it is the same as that of the manufacture method of HEMT, explanation is 
omitted. 

[0054] It is AIGaN/GaN by the 2nd operation form since the mobility of GalnN is laruer than the 
mobility of GaN according to this 3rd operation form. It compares with HEMT and is still more nearly 
high-speed highly efficient AlGaN/GalnN. HEMT is realizable 

[0055] As mentioned above, although the operation form of this invention was explained concretely, this 
invention is not limited to an above-mentioned operation form, and various kinds of deformation based 
on the technical thought of this invention is possible for it 

[0056] For example, it may not pass over the numeric value mentioned in the above-mentioned 
operation form for an example to the last, but a numeric value different if needed from this may be used 
Specifically, in the 1st above-mentioned operation form, although thickness of the n type GalnN c ontact^ 
.layer 14 is set to 200nm, the thickness of this n type GalnN contact layer 14 may be smaller than this, 
for example, may be about lOnm. Moreover, in the 1st above-mentioned operation form, although In 
composition ratio of the n type GalnN contact laverJ;Lis..5£lJaiLD^vou may use In composition ratio 
of a different value from this. In addition, the height of the Schottky barrier between this n type GalnN 
contact layer 14 and the n type GaN layer 12 becomes low, so that In composition ratio is large 
[0057] 

[Effect of the Invention] According to the semiconductor device by this invention, as explained above, 
the semiconductor layer which contains Ga, In. and N at least is prepared between a GaN layer and an 
electrode, and when the electrode is carrying out ohmic contact at the semiconductor layer, ohmic 
contact of the electrode can be carried out by low contact resistance to a GaN layer in efficiency 



[Translation done ] 



h ttp / w w w 4 i pdl j po go j p/cgi -hi n/tran web cgi ej j e 



1/28/03 



Page I of I 



• NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely 

2 **** show s the word which can not be translated 
31n the drawinus, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the plan showing the sample used for measurement of the contact resistance of an 
Ti/aluminum electrode to an n type GaN layer. 

[Drawing 2] It is the cross section which meets the 11—11 line of drawing 1 

[Drawing 3] It is the cross section showing the sample used for measurement of the contact resistance of 
an Ti/aluminum electrode to an undoping GalnN layer. 

[Drawing 4] GaN by the 1st operation gestalt of this invention It is the cross section showing MESFET 
[Drawing >] GaN by the 1st operation gestalt of this invention It is the energy -band view of MESFET 
[Drawing 6] AlGaN/GaN bv the 2nd operation gestalt of this invention It is the cross section showing 
HEMT. 

[Draw ing 7] AlGaN/GaN by the 2nd operation gestalt of this invention It is the energy-band view of 
HEMT. 

[Drawing 8] AlGaN/GalnN by the 3rd operation gestalt of this invention It is the cross section showing 
HEMT 

[Drawing 9] AlGaN/GalnN by the 3rd operation gestalt of this invention It is the energy-band view of 
HEMT 

[Drawing 10] It is the cross section showing the conventional GaN transistor 
[Drawing 1 1] It is the cross section showing other conventional GaN transistors. 
[Description of Notations] 

2 I. the 1 I . c-th page silicon on sapphire. 13 [ ... An undoping GaN layer. 5 / ... An undoping GalnN 
layer, 14 / ... An n type GalnN contact layer, 15 / ... Si02 / A film, 16 / A drain electrode. 1 ( J / An n 
type AlGaN layer, 20 / ... An undoping AlGaN layer, 21 / ... Undoping GalnN layer/ A gate 
electrode. 17 ... A source electrode, 18 ] ... An n type GaN layer, 3 ... 4 A 
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